Background: In the cases of ascitis, it is essential to determine their origin using the parameters obtained by the cytological and biochemical examinations. The aim of this study was to evaluate the usefulness of different biochemical markers and the number of cells in the differential diagnosis of ascitic fluid (AF).
Introduction
Ascites is the pathological accumulation of fluid in the peritoneal cavity. The classification of the fluid as exudates or transudate is the first step in the evaluation of its etiology. The liquid is generally a transudate in patients with acute or chronic liver failure, massive liver metastases, hypoalbuminemia, or congestive heart failure, while in cases such as carcinomatosis, bacterial peritonitis, or pancreatitis, it is an exudate [1] .
The diagnostic paracentesis should be routinely performed in patients with recent-onset ascites, those requiring hospitalization due to stroke and those with ascites and unexplained clinical deterioration [2] .
Traditionally, the exudate-transudate concept was based on the protein concentration of ascitic fluid (AF) for classifying peritoneal exudates [3] . Different levels of protein in the AF have been suggested as cutoffs for identifying exudates, ranging from 25 to 30 g/L.
The use of this single biochemical parameter erroneously classifies many exudates originating in infectious or tumors as transudates, while some transudates in cirrhosis and congestive heart failure may be classified as exudates due to high protein levels [4] .
Boyer et al used an adaptation of light criteria [5, 6] for differentiating between transudates and exudates in AF using the concentration of protein and lactic dehydrogenase (LDH) levels as well as the ratio of these values between the serum and AF [7] .
The difference between the albumin concentration between serum and AF, called serum-ascites albumin gradient (SAAG), reflects directly and indirectly the colloid osmotic pressure and the degree of portal hypertension [8] . Pare et al [9] suggested that SAAG is a better discriminator of portal hypertension than protein concentration in AF.
Patients with ascites related to portal hypertension have SAAG ≥ 1.1 g/dL (transudates) and in those with ascites whose portal pressure is normal, SAAG is ≤ 1.1 g/dL (exudates) [4, [9] [10] [11] .
Moreover, with regard to cellularity, in the literature, a cutoff of > 1,000 cells/mm 3 is used to classify AF as exudates [5] . The mechanisms that contribute to the malignant ascites include obstruction related to tumor lymphatic drainage, increasing the capillary permeability and activation of the reninangiotensin-aldosterone system, producing neoplastic fluids and metalloproteinases which degrade the extracellular matrix [12] . The cytology has a high specificity for the detection of neoplastic cells in effusions; the sensitivity varies from 40% to 90% [13, 14] . The aim of this study was to evaluate the usefulness of different cutoffs applied to the cellularity and biochemical markers (metabolic and enzymatic markers) in the differential diagnosis of AF. To the best of our knowledge, it is the first report about the value of aspartate aminotransferase (AST) and the cellular counting for differentiating between exudates and transudates.
Materials and Methods
We studied 191 samples from patients with AF, who were admitted to the hospital from January 01, 2009 to December 31, 2014. One hundred fifty-two of them were included in the analysis, and the remaining 39 where excluded because they had more than one associated pathology, clotted or hemolyzed. The categorization of transudates or exudates was determined according to the patient's pathology. Cell count was performed by duplicate as total cells/mm 3 in a hemocytometer, directly or diluted with saline or Turk solution for liquids with plenty of cells or bleeding smears.
The differential count was performed with the Giemsa method, counting a minimum of 200 cells; when the smears were suspicious for malignant cells, the Papanicolaou (Pap) stain was used to confirm the diagnosis of malignancy. In cases of inconclusive cytology, the AgNOR technique was used (Argyrophilic nucleolar organizer region).
Simultaneous determinations were performed in AF and serum (S) of the following biochemical parameters: glucose (GLU), proteins (PT), albumin (ALB), cholesterol (COL), Transudates
(45%)
Heart failure 6 (4%)
Cirrhosis

(29%)
Other pathologies 18 (12%) triglycerides (TG), LDH, creatine kinase (CK), alanine aminotransferase (ALT), AST, alkaline phosphatase (ALP), amylase (AMI) and total bilirubin (TB). The methods used are recommended internationally. We used a Hitachi Autoanalyzer 917 (Roche).
The diagnosis of malignant ascites required cytology or peritoneal biopsy. Spontaneous bacterial peritonitis was diagnosed by the presence of a counting of neutrophils > 250/mm 3 or by microbiological positive cultures.
The diagnosis of tuberculous peritonitis required positive culture of the AF for Mycobacterium tuberculosis or the presence of granulomas in peritoneal biopsy in the absence of other causes for granulomatosis.
Liver cirrhosis was diagnosed by the combination of impaired liver function tests, evidence of portal hypertension or liver biopsy. The diagnosis of congestive heart failure was performed using clinical criteria and echocardiographic evidence of ventricular dysfunction.
Our study was carried out according to the principles of Declaration of Helsinki for research in human subjects [15] .
The usefulness of cellularity and each biochemical parameter for identifying exudates was evaluated in terms of sensitivity, specificity and efficiency.
Statistical analysis
Yates-corrected Chi-square (χ 2 ) analyses and Fisher method were used to detect statistically significant differences. A value of P ≤ 0.05 was considered statistically significant.
Results
Of the 152 samples studied, 83 (55%) were exudates and 69 (45%) were transudates. The etiologies of AF are shown in Table 1 . The more frequent etiologies in exudate ascites were infectious (22%) and malignant (19%); from these last groups, 12% corresponded to paraneoplastic effusions and 7% to malignant effusions. The malignant cells were detected in the fluid (Pap and Giemsa stains) in 7/10 neoplastic AF (70%). The most frequent metastatic cancers were lymphoma ( Fig. 1 ) and stomach adenocarcinoma (Figs. 2 and 3) . In two patients (one stomach adenocarcinoma and one breast carcinoma), the results of the Giemsa and Pap stains were "inconclusive" but the application of the AgNOR technique confirmed the diagnosis of malignancy, reaching a value > 14 (values of number of NOR dots for malignant cells in body fluids: 13.78 ± 3.89) [16] , increasing the sensitivity to 90%. Other metastases detected were one testicular germ cell carcinoma and one renal clear cell carcinoma.
The most common cause of transudates was cirrhosis (29%); 4% of the transudates were related to heart failure, and other pathologies reached 12% of the total of patients.
The percentages of patients with transudates and exudates related to cellularity and biochemical parameters are shown in Table 2 , and sensitivity, specificity and efficiency for each biochemical parameter are shown in Table 3 . Forty-seven of the 83 exudates (57%) were detected using the traditional cutoff for cell count greater than 500/mm 3 , but using the cutoff proposed in the present paper (300 cells/mm 3 ), the detection increased to 65/83 (78%). Of the biochemical parameters studied, the AST ratio AF/S (> 0.5) detected the greater number of exudates correctly classified 66/83 (80%), while 10 of 69 (15%) transudates were falsely classified.
The AF/S of LDH (> 0.6), PT (>0.5), COL (> 0.4), and ALT (> 0.5) correctly detected 78%, 72%, 70%, and 70% of the exudates, respectively. The SAAG (≥ 1.1 g/dL) detected correctly 60/68 (88%) transudates. AMI (>100 IU/L) and GLU (< 60 mg/dL) detected correctly only 7% and 3% of the exudates, respectively.
FAL, BT, CK, AMI, GLU, and TG did not allow differentiating exudates from transudates.
Discussion
Abdominal paracentesis, with careful fluid analysis, is the first step in the evaluation of ascites. The literature continues to report a cutoff of > 500 cells/mm 3 to classify AF as exudate [7] . This paper proposes to reduce the cutoff to 300/mm 3 in AFs, since the detection of exudates is increased by 21% without affecting the number of incorrectly classified transudates, obtaining a sensitivity of 78% and an efficiency of 97%.
The sensitivity of cytology to detect malignant cells in serous effusions varies between 40% and 90% according to the recent literature [12] [13] [14] . The high frequency of false negatives (over 70%) is mainly due to sampling error, and to a lesser extent, to a misinterpretation of study material [13] . In this study, 10% of the AFs were of malignant origin and the sensitivity of cytology in the detection of neoplastic cells was high (70%). However, no false positives were detected, consistent with the low frequency described in the literature, in which reports are produced by an excessive interpretation of a reactive atypia [17] . Spontaneous bacterial peritonitis (SBP) is defined by a cell count of more than 250 neutrophil cells/mm 3 , as by a positive culture of the AF. However, the role that biochemical parameters play for such differentiation is controversial.
In this paper, the AF/S > 0.5 for AST and > 0.6 for LDH were the most helpful in the diagnosis of exudate, with a sensitivity of 80% and 78% and efficiency of 85% and 90%, respectively for the both parameters. There are no references in the literature concerning the AST as a marker of differentiation between exudates and transudates. We suggest that the observed increase of AST in exudate ascites could be attributed to an increase in the number of cells in these processes, together with an increased cell destruction which would bring about the release of the enzyme from an intracellular localization.
Another parameter that was useful in the differentiation between exudates and transudates was the AF/S ratio of PT > 0.5, with sensitivity and efficiency of 72% and 85%, respectively; this parameter erroneously classified the fluids as transudates in a low percentage of the cases (15%). Moreover, the AF/S ratio for ALT (> 0.5) and COL (> 0.4) could also be useful in the differentiation of the fluids, though less than the aforementioned parameters, as detected 70% of the exudates with an efficiency of 81% and 85%, respectively. Concerning COL and PT, although there are controversies in the literature, some authors have described that AF/S for PT < 0.5 and COL < 55 mg/dL may aid in the diagnosis of cirrhotic process with efficiency of 94% [2, 18] . Boyer et al [7] had defined an exudate ascites as one that met at least two of the following criteria: AF/S ≥ 0.5 for PT; AF/S ≥ 0.6 for LDH and LDH ≥ 400 IU/L. Also, Rana et al [19] reported that COL levels over 70 mg/dL are related to the origin of malignant ascites, with a specificity of 100% and efficiency of 94%.
SAAG was a good marker of portal hypertension associated mainly with cirrhosis, as described by the literature, as it is recommended as a marker to differentiate ascites caused by portal hypertension from other causes of ascites, with an efficiency > 90% [11, 18, 20, 21] . TB was not useful in characterizing the AF unlike some authors that reported a sensitivity and specificity of 72% and 86%, respectively [22] . GLU values < 60 mg/dL showed no utility in AF differentiation, coinciding as described in the literature [23] . Moreover, the AMI (> 100 IU/L) showed no utility in differentiating AF. In this regard, the literature refers to the measurement of AMI in AF is useful for detecting ascites of pancreatic origin, and rarely can rise in non-pancreatic tumors [24] .
FAL, TG and CK did not allow differentiating exudates from transudates. Thus we recommend the use of a new cutoff of cells (> 300/mm 3 ) to improve detection of exudate ascites. It is proposed to incorporate the ratio AF/S for transaminases and especially for AST, with the purpose of optimizing the differentiation and characterization of the exudate ascites, together with the ratios for LDH and PT.
SAAG reserves as a marker of portal hypertension associ- 
Conclusions
We suggested the utilization of a new cutoff of cellular counting, major of 300/mm 3 , since it would allow improving the detection of exudate ascites, without including the cases of transudate ascites. Of the biochemical parameters studied, AST AF/S showed major usefulness in the differentiation and characterization of AF; LDH, PT, COL, and ALT might be also acceptable in the above mentioned differentiation. The SAAG turned out to be a good marker of portal hypertension associated with cirrhotic processes. The GLU and AMI did not show usefulness in the discrimination between transudates and exudates.
